IN-SITU INVESTIGATION OF COUPLING BETWEEN A FIBRE AND A SLAB WAVEGUIDE

Indexing terms: OpticalBbres, Waveguides, Coupling
The mode coupling between a fibre and a slab waveguide was expenmentally investigated during the formation of the slab. A thin film has been deposited on a polished fibre close to the core-clad interface. By monitonng the optical transmittance of the fibre during the film deposition the coupling efficiency between the formed slab and the fibre has been studied as a function of the film thickness. Strong attenuation in the fibre output has been observed lor thickness values at which the propagation constants of the optical mode in the fibre match those of the slab waveguide.
Introduction: Directional couplers, based on evanescent field coupling between two or more waveguides have proved very useful These directional couplers are extensively used to couple energy between two integrated-optics channels or between adjacent optical fibres. For high coupling efficiency to be achieved, the propagation constants of the optical modes in the individual waveguides should be nearly identical.
For two dissimilar waveguides this requirement is fulfilled only for a very limited range of the normalised frequency, V.
The coupling between a slab waveguide and a fibre, both embedded in homogeneous dielectric medium, has been theoretically investigated by M a r c~s e .~ It has been shown that the coupling strongly depends on the relative magnitudes of the refractive index values of the slab and the fibre. When the slab refractive index is higher than that of the fibre the slab acts as a sink for the optical power in the fibre, and most of the power injected into the fibre is coupled to the slab waveguide.
In this letter a tibre coupled to an infinite slab is experimentally investigated. The dielectric coupler was made by depositing a dielectric thin film on a polished fibre close to the clad-core interface. By monitoring the optical intensity at the fibre output port, the coupling efficiency has been investigated in-situ during the deposition process. This in-situ monitoring is very important for the proper fabrication of optical fibre devices that incorporate thin dielectric films, e.g., when an intermediate layer is required for matching between two nonidentical half-c~uplers,~ or in fibre optic devices such as attenuators: polarisers' and wavelength filters.' These devices are very sensitive to the thickness of the thin film and its properties,' so this technique can be used to optimise performances.
Experiment: A half-coupler, expanded view shown in Fig. 1 , was fabricated using a single mode optical fibre glued into a 250mm radius arc in a fused silica substrate block.' The substrate with the fibre in it was polished until a 30dB reduction of the output light was measured, employing the index matching oil technique.* Then the surface was thoroughly cleaned, and the device was introduced into an R F sputtering deposition system. To minimise the substrate heating caused by the sputtering process, the substrate block was thermally connected to a water-cooled substrate holder and its surface was mechanically masked, leaving only a narrow exposed strip ( 5 1 mm wide) along and above the polished fibre. The two ends of the fibre were attached one to a laser diode (816nm) in a pigtailed configuration and the output to a photodiode through a multimode fibre (Fig. 1) .
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Two kinds of dielectric films were deposited employing a reactive sputtering process: One was Ta,O, deposited from a T a target in a sputtering gas mixture atmosphere of 90% Ar and 10% 0,. The other film was SiO,N,, which was deposited from a Si target in an atmosphere of 70% Ar 25% 0, and 5% N , The deposition rate of the Ta,O, and SiO,N, were 8 &min and 15 A/min, respectively. These deposition rates are extremely low so that the sputtering process could be performed without heating the substrate. The refractive indices of the Ta,O, and the SiO,N, films are 2.12 and 1.53, respecti~ely.'~.'' The refractive index of the fibre core is aprpoximately 1.460 so that these films represent two different cases. During the deposition, the laser diode power was turned off and its leads were electrically shorted to avoid damage to the laser by the high RF sputtering power. In-situ optical measurements of the coupling between the fibre and the growing film were taken with the high sputtering voltage turned off. This piecewise deposition process continued until a sufficient film thickness was achieved to support at least two guided modes in the deposited slab. respectively Note the strong attenuation at some speclfic thickness values To examine the correlation between these intensity notches and the coupling process, the optical propagation constants of the fibre and the slab in these specific thicknesses and wavelength have been evaluated The propagation constant of the fibre in the working wavelength has been calculated from the characteristic equation of the fibre using the cutoff wavelength and the core radius Given the fibre propagation constant, one could then solve the slab characteristic equation" to obtain those thickness values of the slab which support propagation with the same constant These calculated thicknesses should correspond to the locations of the measured intensity notches
The SiO,N, film can be considered as a weakly guiding waveguide so that the propagation constants of its two polari- For the Ta,Os waveguide, the measured intensity notches were much wider and shallower compared with the SiO,N, waveguide. The reason seems to be the much greater difference in the propagation constant between the TE and TM polarisations. This difference is proportional to the difference in the refractive indices between the substrate and the film refractive index," which is quite high for Ta,O, film. The thickness values corresponding to the first and the second slab modes fit well with the measured values. The wider notches of every mode are due to an overlap between the slightly differently positioned notches for the TE and TM polarisations.
Conclusions:
The mode coupling between a fibre and slab waveguide was investigated in-situ, employing a method which enables the semicontinuous investigation of the coupling ellciency as a function of the slab thickness. A quantitative analysis of our experimental device has been performed by considering the slab waveguide as a very wide strip and calculating its modes by employing the effective index method."
For small thickness values the slab is under the cutoff of its basic mode and it does not perturb the optical propagation in the fibre. Above cutoff there is still a region in which the slab propagation constant is smaller than that of the fibre and most of the energy remains in the fibre. In the region where the propagation constant of the slab matches that of the fibre a considerable part of the fibre optical power is coupled to the slab. These observations are in agreement with Marcuse's analysis? As the slab thickness increases, the power in the fibre output rises again almost to its initial value. This experimental result is inconsistent with Marcuse's approximate analytical predictions from which one may expect very little energy to be left in the fibre once the thickness corresponding to codirectional mode matching, has been surpassed.
From these results we may conclude that the fibre transmittance is mainly governed by the mode coupling between two nonidentical waveguides rather than power leakage from the fibre to a thin film load. The peaks in the measured optical coupling between the two waveguides fit the theoretical predictions based on phase matching between the propagating modes in the two structures. The coupling peaks are rather wide and shallow. This behaviour is probably due to the diffraction of the coupled light in the slab in the lateral dimension.
The in-situ method for measuring the optical parameters can be improved by guiding the light in and out of the deposition system in a polarisation preserving single mode opticsll fibre. By separating the source and the detector from the deposition system one can monitor the changes in the coupling efficiency and the state of polarisation of the device continuously during the deposition process. With these improvements, the method presented here should prove Introduction: Emitter coupled logic (ECL) using bipolar technology is a non-saturated form of digital logic which eliminates transistor storage time as a speed limiting characteristic, permitting very high speeds of operation.' Conventional bipolar ECL technology provides system -propagation delays of the order of 300 to 500ps. The price paid for such speeds is very high power dissipation (1.5mW or more per gate-far too much for VLSI densities).' Some recent developments in technology such as BITI' have made it possible to fabricate transistors that take dbout one-twentieth the area of conventional ECL devices and consume only one-tenth the power with speeds comparable to the fastest ECL transistors. SPARC architecture developed by Sun microsystems, is being
